Summary. The fertilizing ability of epididymal spermatozoa from rats and mice treated for 3 or 4 or 9 or 10 days with various doses of \g=m\-chlorohydrin was tested in vitro, and in vivo by intrauterine insemination. The minimum doses (per kg/day) needed to affect fertilization significantly were: rat, in vitro, 8\m=.\8mg for 3 or 4 days, 4\m=.\4 mg for 4 days and 2\m=.\7 mg for 9 or 10 days; in vivo, 4\m=.\4 mg for 3 or 4 days and 2\m=.\7mg for 9 or 10 days: mouse, in vitro, 4\m=.\4mg for 3 days and 13\m=.\3mg for 9 days; in vivo, 44\m=.\2 mg for 3 days and 26\m=.\5for 9 days. Rats were infertile for at least 18 days after receiving 44\m=.\2mg \g=m\-chlorohydrin/kg/day for 3 days, but fertilizing ability, tested in vivo and in vitro, was restored 10-11 days and 15-18 days, respectively, after daily treatment with 11\m=.\1 mg \g=m\-chlorohydrin/kg for 3 days.
Introduction
Administration of -chlorohydrin (3-chlor-l,2 propanediol) does not impair mating ability but does induce temporary or permanent sterility in the male rat (Ericsson, 1970; Banik, Tanikella & Rakhit, 1972; Cooper, Jones & Jackson, 1974) and in the males of several other species. The drug does not, however, cause sterility in the male mouse (Samojlik & Chang, 1970) . Ericsson (1970) observed no effect on rat sperm motility, but Coppola (1969) and Samojlik & Chang (1970) found that -chlorohydrin inhibited the motility of rat epididymal spermatozoa.
Successful fertilization of mouse (Whittingham, 1968) and rat (Miyamoto & Chang, 1973) eggs in vitro was first achieved by incubating freshly ovulated eggs with capacitated spermatozoa recovered from the uterus of mated animals. The fertilization of mouse and rat eggs by epididymal spermatozoa in vitro is now a routine procedure (Iwamatsu & Chang, 1970; Toyoda, Yokoyama & Hosi, 1971 ; Niwa & Chang, 1973 Toyoda & Chang, 1974; Tsunoda & Chang, 1975) .
In the present study the effective doses and the duration of infertility following daily treatment of male rats and mice with various doses of -chlorohydrin were examined to determine whether the technique of in-vitro fertilization is valid for testing the fertilizing capacity of epididymal spermatozoa. The fertilizing capacity of the spermatozoa was also tested in vivo for comparison.
Materials and Methods

Treatment of males
Mature male rats (354-700 g) of the CD strain descended from Sprague-Dawley stock and mature CD-I Swiss albino male mice (30-45 g) were housed in a light-and temperature-controlled room. Alpha-chlorohydrin (density 1-326; Upjohn Co.) was diluted with 0-9% NaCl solution to the desired concentration, and the drug was injected i.p. in 0-05 ml/100 g body weight for the rat and in 0-4 ml/100 g for the mouse; control animals received the same volume of 0-9 % NaCl solution. After three daily injections, one testis+epididymis was removed and the fertilizing capacity of spermatozoa from the cauda epididymidis was tested in vitro and/or in vivo. On the 4th day, the animals were killed and the viability of the spermatozoa was tested. In additional groups, one testis was removed on the 9th day of treatment and the animals were killed next day. Body weights and those of the testes and epididymides were recorded.
To investigate the duration of effectiveness of -chlorohydrin after treatment, male rats were injected with effective doses (see Table 3 (Chang, 1952) and examined for evidence of sperm penetration or fertilization. Sperm motility was examined at the time of preparation of the sperm suspension and at the times of introduction and examination of eggs.
In-vivo fertilization
Spermatozoa from the same male were often used for in-vitro and in-vivo fertilization, but sperm concentrations were higher for the latter, being 2-6-41 106 cells/ml. Superovulating immature rats and mature mice were anaesthetized with ether or sodium pentobarbital 11-16 hr after the HCG injection and the uteri exposed. The sperm suspension (0-05 ml) was injected into the lumen of each uterine horn through a 25-gauge needle. Different sperm suspensions were frequently injected into each uterine horn of the same female, but the horns were ligated to prevent the mixing of the samples.
Most females were killed 23-24 hr after insemination but a few mice were killed 8-12 hr later. The eggs were flushed from the oviducts, mounted in toto, stained and examined for evidence of fertiliza¬ tion. In-vivo tests. There was significant inhibition of fertilization with all the doses tested for 3 or 4 days. Fertilizing capacity was not affected after treatment with 1-3 mg for 9 or 10 days compared with controls, but it was significantly lower (i><0-01) than that obtained in the in-vitro tests.
Mice {Table 2)
In-vitro tests. Doses of 53 to 353-6 mg -chlorohydrin/kg/day for 3-9 days were lethal, especially those above 66 mg/kg. Fertilizing capacity was significantly reduced after treatment with the lower doses. After treatment for 9 days, fertilization rates were not affected by doses of 1-3 or 2-7 mg/kg. Thus, the minimum effective dose was about 4-4 mg/kg/day for 3 days and about 13-3 mg -chlorohydrin/kg/day for 9 days.
In-vivo tests. The minimum effective treatments were 44-2 mg/kg/day for 3 days and 26-5 mg for 9 days. At the dose level of 44-2 mg/kg for 3 days there was a significant difference in the number of eggs fertilized in vivo and in vitro. The effective dose for inhibition of fertilization in vivo was higher than that required to produce the same effect in vitro. 
Motility ofspermatozoa
At the time of dilution rat spermatozoa usually showed good motility in the control sample, irrespective of the dosage and duration of treatment with -chlorohydrin. However, after incubation for 4-6 hr, sperm motility decreased conspicuously, especially in the sperm samples from rats treated with more than 11-1 or 4-4 mg -chlorohydrin/kg/day for 3-4 days or 9-10 days, respectively. At the time of examination of the eggs (about 8-14 hr after incubation) motility decreased slightly in the control samples and no motility was observed in the sperm samples from rats treated with a high dose of -chlorohydrin. The motility of mouse spermatozoa at the time of dilution was quite good, except in the sperm samples from animals treated with 176-8 mg -chlorohydrin/kg/day for 3 days, in which motility was poor or absent. After incubation for 1 hr and at the end of incubation with eggs, the motility of spermatozoa from control mice was quite good, whereas spermatozoa from the animals treated with >44-2 mg -chlorohydrin/kg/day for 3 days and from those treated with >26-5 mg -chlorohydrin/kg/day for 9 days was very poor.
Effects on body weight, and testis+epididymis weight Body weight decreased slightly after treatment of rats with -chlorohydrin for 3 or 4 days but did not decrease after treatment for 9 or 10 days. The weights of the testes and epididymides in rats were not affected, irrespective of the dosage and the duration of treatment. In the mouse, body weight decreased in animals treated with >44-2 mg -chlorohydrin/kg/day for 3 days and in those treated with 53-0 mg/kg for 9 days. There was some decrease in testis weight in mice, especially after treatment with 4-4-176-8 mg -chlorohydrin/kg/day for 3 days.
Discussion
Male sterility can be caused by impairment of various functions, such as suppression of spermato¬ genesis, mating ability, ejaculation, or inhibition of the motility and metabolism of spermatozoa or their fertilizing capacity. This study confirms the observations of Ericsson & Baker (1970) , Turner (1971) and Lubicz-Nawrocki & Chang (1974a, b) that -chlorohydrin causes infertility by inhibiting the fertilizing capacity of spermatozoa in the cauda epididymidis, although the effectiveness of the drug varies with the dosage, duration of treatment, species, and the testing system. Vickery, Erickson & Bennett (1974) reported that sterility occurs in Sprague-Dawley male rats after administration of 10 mg -chlorohydrin/kg/day for 3 days or 2-5 mg/kg/day for 9 days and suggested that a-chloro¬ hydrin caused sterility by inhibiting sperm transport through a change in the constituents of seminal plasma. The present experiment, however, clearly demonstrates that the major effect is on the fertilizing capacity of spermatozoa.
It is known that capacitation of mouse spermatozoa in vitro takes approximately 1 hr (Toyoda et al, 1971) while rat spermatozoa require 5-6 hr (Niwa & Chang, 1974a) . At the time of introduction of the eggs 1 hr after incubation of mouse spermatozoa and 4-6 hr after incubation of rat spermatozoa (i.e. when the spermatozoa were assumed to have become capacitated), the motility of mouse spermatozoa was generally better than that of rat spermatozoa. The different effects of a-chloro¬ hydrin in these two species may therefore be related to the time required for sperm capacitation.
Samojlik reported that fertility was unaffected in male mice receiving 15 or 30 mg -chlorohydrin/kg/day. By contrast, the present study has shown that -chlorohydrin inhibited fertilizing capacity of mouse spermatozoa in vitro even with a dose as low as 4-4 mg, but 44-2 mg was required to inhibit fertilization in the in-vivo tests. Fertilization in vitro was completely suppressed by the treatment of mice with more than 88-4 mg -chlorohydrin/kg/day for 3 days or 66-3 mg/kg for 9 days, but such doses were almost lethal and affected physical condition and behaviour as described by Samojlik & Chang (1970) and Johnson & Pursel (1972) .
The present study shows that the fertilizing capacity of spermatozoa from males treated with -chlorohydrin can be tested in vitro. This system is, however, relatively more laborious than testing by uterine insemination and it seems preferable to continue to use the in-vivo test system since this represents a more physiological situation and appears to be more sensitive, at least for the rat.
